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In silico conformational energetic calculations . Figure S1 . The thirty-one biphenol analogs of 4 (varying heterocycle motifs) rationally selected for virtual screening to promote an interaction with the CYP121 Gln385 side chain. All the structures had been previously reported featuring biaryl substituents in the SciFinder chemical databank (https://scifinder.cas.org/). They are drawn in their predominant protonation state at pH 5-6 (CYP121 crystallization pH). The top three scaffolds predicted to make the closest proximity interaction with Gln385 (double H-bond with the amide side chain) were those featuring an arylamine substituent, the 3-aminopyrazole (green box, compound 5) and amino-1,2,3-triazoles (blue box). . Synthetic route to virtual screening hit 5 (scheme a) and its analogs 6 (b) and 7 (c). The same route (a) was also used to achieve the ortho-OH derivative 8. Figure S4 . The comparative CYP121 binding positions of 5 (green) and the phenoxypyrazole ligand [1] s1 (grey, PDB ID 4G48), showing their exact phenol overlap and thus the potential for adding an ortho-OH into 5 (arrow). 
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Experimental Methods
Materials
All reagents and chemicals were of analytical grade and were supplied by Sigma-Aldrich, Alfa Aesar or Maybridge. Compounds 5-8 were synthesized according to the scheme in Supplementary Figure S3 . [2] Compounds 9-14 were from the DuPont HTS collection (DuPont Crop Protection USA) and were kindly provided by Dr Robert Pasteris. THF was distilled under an atmosphere of dry nitrogen from lithium aluminium hydride and calcium hydride in the presence of triphenylmethane; DCM was distilled from calcium hydride. Thin layer chromatography (TLC) was performed on glass plates coated with Merck 60 F254 silica and visualization was achieved by UV light or by staining potassium permanganate. Flash column chromatography was carried out using Biotage Isolera One and Biotage Isolera Four systems with UV detection at 254 and 280 nm. NMR spectra were recorded on a Bruker Avance 400 ( 1 H: 400 MHz and 13 C: 100 MHz), or Bruker Avance Cryo 500 ( 1 H: 500 MHz and 13 C: 125 MHz). Chemical shifts are quoted in ppm and are referenced to the residual non-deuterated solvent peak, and are reported (based on appearance rather than interpretation) as follows: chemical shift δ/ppm (number of protons, multiplicity, coupling constant J/Hz, assignment) [br, broad; s, singlet; d, doublet; t, triplet; q, quartet; qui, quintet; sept, septet; m, multiplet]. Infrared spectra were recorded neat on a Perkin-Elmer Spectrum One spectrometer fitted with an attenuated total reflectance (ATR) attachment with internal referencing. High-resolution mass measurements were performed on a Waters LCT Premier mass spectrometer or a Kratos Concept mass spectrometer. Low-resolution measurements were recorded on a Waters / ZQ LCMS.
Virtual screening
Docking was performed using CCDC GOLD Suite 5.1 with the X-ray crystal structure of the parent triazolylphenol fragment 1 as the protein model (PDB ID 4G47), due to its high resolution and clearly resolved/modelled active-site water network (compared with the structure of the weak merged fragment 4). The goldscore_p450_csd template was loaded and default settings were used with the following additional parameters. All active-site waters within 5 Å of the original fragment were retained for docking. The binding site was defined with its center at the location of the fragment triazoles and a radius of 7 Å. For docking of 1 and 4 as a control, the active-site waters were configured to always on. For docking of the 31 biphenol analogs of 4, the waters were set to toggle to allow for accommodation of the additional structural moieties within the active-site, and the Gln385 side chain was allowed flexibility using the crystal rotamer library operation with a default delta in the chi angles of ±10 o . Only the best solution for each ligand was kept and shown. Docking of fragment 1 was not successful in recapitulating either of the original observed fragment configurations (data not shown).
Expression and purification of Mtb CYP121
Recombinant untagged CYP121 and N-terminal His6-tagged CYP121 were expressed and purified from the pET11a/CYP121 and pHAT2/CYP121 expression vectors as previously described. [1] 
Isothermal titration calorimetry (ITC)
ITC binding isotherms were recorded on a MicroCal iTC200 microcalorimeter (GE Healthcare), integrated and fitted to estimate the KD as previously described. [1] Titrations were initially performed with the ligand at its maximum concentration/solubility in protein buffer with 10% (v/v) DMSO, but if the resulting binding isotherm was too steep then the ligand concentration was lowered until enough injection data points were collected for a good fit (e.g. 25 mM fragment or 1 mM lead 9).
X-ray crystallography
Crystals of untagged CYP121 were grown by sitting-drop vapor-diffusion and soaked with ligand as previously described. [1] Diffraction data sets were collected, reduced and scaled, and the structures refined as previously reported. [1] Data collection and final refinement statistics are given in Supplementary Table S1 . The structures are deposited in the Protein Data Bank (http://www.rcsb.org/pdb/) under the following accession codes: 5-CYP121: 4KTF; 6-CYP121: 4KTJ; 8-CYP121: 4KTK; 9-CYP121: 4KTL. Images for presentation were rendered with PyMOL academic 1.3 (Schrödinger, Camberley, UK). A 1.35 Å dataset for analog 7 was collected, but unfortunately gave uninterpretable ligand density in the active-site (low ligand occupancy, data not shown).
In silico conformational energetic calculations
The relative conformational energy landscapes of 5 and 9 for full 360 o rotations of their pyrazole-phenol dihedral angles were computed rapidly in 5 o increments using a MacroModel coordinate scan (force field: OPLS-2005, solvent: water, default settings) in Schrödinger Maestro 9.0 (Schrödinger, Camberley, UK). Their pyrazole rings were constrained planar and the third aminophenol of 9 was fixed relative to the pyrazole as per the CYP121-bound crystal structure. The landscapes were plotted as a 3D map using Graphis 2.9.33 (Kylebank Software, Ayr, UK).
The global ground state conformation of the ligands was predicted rapidly by a MacroModel conformational search (method: mixed torsional/low-mode sampling, force field: OPLS-2005, solvent: water, default settings) in Schrödinger Maestro. The reported gas phase energy difference (in kcal.mol -1 ) between the ligand in its predicted energy minimum conformation and that from the CYP121-bound crystal structure was calculated quantum mechanically using Jaguar optimization (QM method: DFT(b3lyp), QM basis: 6-31g**, default settings) in Schrödinger Maestro. Ligand conformations were fixed as per the crystal structure by manually constraining all the major internal dihedrals.
Organic synthesis
2,3-bis(4-methoxyphenyl)-3-oxopropanenitrile [2a]
Sodium hydride (60% in mineral oil) (0.80 g, 33.6 mmol) was suspended in anhydrous THF (30 mL). 4-Methoxyphenylacetonitrile (2.28 g, 15.5 mmol) and methyl-p-anisate (2.84 g, 17.1 mmol) was added to the reaction and this was stirred at 60 o C for 48 hours. The reaction went from a white suspension to a dark brown suspension. The reaction was cooled to room temperature and water (10 mL) was added to the reaction and the volume of the reaction was reduced to approximately 15 mL using a rotary evaporator. The reaction was extracted into DCM (3 x 50 mL). The organic phase was discarded and the aqueous layer was acidified to pH 2-3 using 10% HCl until no more precipitate was observed. The acidified aqueous layer was extracted into DCM (3 x 50 mL). The organic fractions were combined and washed with brine (3 x 10 mL) and dried over sodium sulfate. This was then filtered and the solvent removed in vacuo to afford the product as an orange gum which was used without further purification. Yield: 4.25 g (88%).
3-(2,4-dimethoxyphenyl)-2-(4-methoxyphenyl)-3-oxopropanenitrile
Methyl 2,4-dimethoxybenzoate (1.00 g, 5.10 mmol) and 4-methoxyphenylacetonitrile (750 mg, 5.10 mmol) were added to a suspension of 60% sodium hydride (500 mg, 12.5 mmol) in THF (25 mL). The reaction mixture was stirred at 60 o C for 48 h, then water (15 mL) was added and the mixture was concentrated in vacuo to remove the THF. The remaining basic aqueous solution was acidified with conc. HCl and extracted with DCM (3 x 25 mL). The combined organic layers were then washed with brine (2 x 25 mL), dried over anhydrous Na2SO4 and concentrated in vacuo. The crude product was chromatographed using a Biotage Isolera One flash chromatography system with a Biotage SNAP cartridge (25 g silica, Biotage) and linear PET Ether/EtOAc gradient (0-100% EtOAc) as eluant, to afford the oxopropanenitrile ( 2,3-bis(4-methoxyphenyl)-3-oxopropanenitrile (2.00 g, 7.10 mmol) was dissolved in absolute ethanol (30 mL) and concentrated HCl (3.0 mL) was added slowly to the reaction. The reaction was heated to reflux and hydrazine hydrate (1.72 mL, 35.3 mmol) was added to the reaction over 5 minutes. The reaction was stirred under reflux for 14 hours. The reaction was concentrated in vacuo to a volume of approximately 10 mL and the reaction was diluted with water (10 mL). Saturated NaHCO3 was added until the reaction was slightly basic. The reaction was extracted into EtOAc (3 x 20 mL). The organic layers were washed with brine (2 x 10 mL) and then dried over sodium sulfate. The reaction was filtered and the solvent removed in vacuo to afford an orange gum. This was purified on a column of flash silica gel where the product was eluted with a gradient of DCM:MeOH 10:0 to 8:2. The product was isolated as a gum which solidified on standing. Yield 1.408 g (71%) 1 
5-(2,4-dimethoxyphenyl)-4-(4-methoxyphenyl)-1H-pyrazol-3-amine
A mixture of 3-(2,4-dimethoxyphenyl)-2-(4-methoxyphenyl)-3-oxopropanenitrile (990 mg, 3.18 mmol) in EtOH (20 mL) and conc. HCl (3 mL) was brought to reflux and hydrazine hydrate (795 mg, 15.9 mmol) was added slowly over several minutes. The reaction mixture was then stirred at reflux for an additional 48 h under nitrogen, cooled to room temperature and concentrated in vacuo to approximately 5 mL. Water (5 mL) was added and the mixture was made weakly basic by adding saturated NaHCO3 solution and then extracted with EtOAc (3 x 25 mL). The combined organic layers were washed with brine (2 x 25 mL), dried over anhydrous Na2SO4 and concentrated in vacuo. The crude product was chromatographed using a Biotage Isolera One flash chromatography system with a Biotage SNAP cartridge (25 g A solution of sodium ethoxide was prepared by dissolving sodium (0.273 g, 11.9 mmol) in absolute ethanol (15 mL). The mixture was cooled to 0 o C and 4-methoxyphenylacetonitrile (1.58 g, 10.8 mmol) was added and the reaction was stirred for five minutes. Ethyl formate (2.00 g, 27.0 mmol) was added to the reaction mixture and this was stirred under reflux for 16 hours. The reaction was cooled to room temperature and the solvent removed in vacuo to afford an off-white solid. The residue was dissolved in water (10 mL) and the pH adjusted to 3-4 using 5% HCl. The mixture was extracted with diethyl ether (3 x 20 mL). The combined organic layers were combined and washed with brine (1 x 15 mL) and the organic layer was dried over sodium sulfate. The mixture was filtered and the solvent removed in vacuo to afford the product as an orange oil which was used without further purification. Yield 1.301 g (69%).
4-(3-amino-1H-pyrazol-5-yl)phenol (7) 5-(4-methoxyphenyl)-1H-pyrazol-3-amine (0.16 g, 0.84 mmol) was suspended in anhydrous DCM (16 mL) and the reaction was cooled to 0 o C. BBr3 (1.0 M in DCM) (4.19 mL, 4.72 mmol) was added dropwise to the reaction and the reaction was stirred at 0 o C for 6 hours. The reaction was quenched at 0 o C by addition so saturated NaHCO3 (6 mL) whereupon a white precipitate formed. The reaction was extracted into ethyl acetate (3 x 20 mL) and dried over sodium sulfate. The reaction was filtered and the solvent removed in vacuo to afford the crude product as an off-white gum. The crude product was placed onto a column of flash silica gel where it was eluted with DCM:MeOH 1:0 to 2:1 whereupon the product was isolated as a white solid. Yield 0.105 g (72%) 1 
